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Abstract 

In a study in Sydney. Australia, exposure to environmental tobacco smoke 
(ETS) particles and respirable suspended particles (RSP) for 319 self-reported 
non-smokers was assessed by personal monitoring. The subjects were sepa¬ 
rated into four distinct groups for investigation: Home, Work. Elsewhere, and 
24-Hour, which were further sub-divided based on whether they lived or 
worked with smokers. Saliva samples for cotinine analysis were taken at the 
stan and end of each monitoring session. Good correlations (R : > 0.86) were 
found between the three methods used in this study to assess the contribution 
of ETS particles to RSP from all sources. Annual exposure estimates for ETS 
particles and nicotine in smoking homes were greater than in smoking work¬ 
places. Median annual exposure in smoking homes and workplaces equates to 
less than 4 cigarette equivalents per year (CE-y- 1 ). Exposures in non-smoking 
homes, non-smoking workplaces and away from the home and workplace were 
below the limit of quantification for most subjects. Based on the 90lh percen¬ 
tile. the highest exposed subjects would potentially inhale no more than 15 
CE-y-'. Subjects living with smokers had greater ETS exposure while away 
Irom homeandwork compared tosubjectslivingwith non-smokers. This Else¬ 
where group were also exposed to the highest RSP concentrations. Question¬ 
naire data indicated that subjects consider bars/restaurants to be the locations 
where they are exposed to most ETS in their daily lives. However. 62% of 
these subjects considered their exposure in these locations to be 'none' or ‘very 
low’ during the monitoring period. Saliva cotinine determinations would 
appear to be a good marker for evaluation of ETS exposure at 90th percentile 
levels. Out of 331 subjects recruited as non-smokers, 6 (1.8%) misreported 
their non-smoking status as demonstrated by their saliva cotinine level. 
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Introduction 


The main objective of this study was to determine the 
personal exposures to respirable suspended particles(RSP) 
end environ mental tobacco smoke (ETS) particles for non¬ 
smoking inhabitants of Sydney . In previous studies 11-6] 
u:on ducted by thcauthors.iwo groups of non-smokers were 
■studied. One group consisted of housewives who wore a 
j, monitor for 24 h. and a second group consisted of office 
■ workers who wore one monitor while at work and a sepa¬ 
rate monitor while not at work. These studies provided 
data on workplace exposure together with home exposure 
f combined with someexposureemanating from ‘elsewhere'. 

’ For Sydney a new approach was used by measuring a group 
; of subjects' exposure only while at home, a second group 
[ only while at work and a third group w hilst neither at home 
! nor at work (i.c. ‘elsewhere'). Total exposure from all 
i sources was assessed in a fourth group of subjects who wore 
[ a personal monitor at all locations throughout a 24-hour 
i monitoring period. This revised Sydney protocol will allow 
j a more direct comparison between home, work and other 
I sources of exposure. The method selected also should pro 
|vk)e meaningful and much needed data regarding ETS 
[exposure in Australia, a deficiency highlighted by the 
[ National Health and Medical Research Council Working 
r Party on Passive Smoking in November 1995. However, a 
! disadvantage of using separate monitors for separate loca- 
i tions would be shorter sampling times perhaps resulting in 
[poorer limits of quantification. One solution may be to 
^design a single monitor to allow discrete Sampling in more 
'than one location, over periods longer than 24 h. This 
[approach would be even more reliant on the subjects fol- 


wing the protocol to ensure study integrity. 

The study was conducted in Sydney during June and 
July 1996. which was the eleventh in a series of cities stud- 
cd for air quality by the authors. As in our previous stud- 
cs personal monitoring was chosen as a more accurate 
eans of determining exposure compared to fixed site 
onitonng. Results for some of these cities have been 
ublished (I-6J and other papers are in preparation. In 
he United Kingdom the Department of the Environ- 
ent. Transport and the Regions is to issue the final draft 
idance note on local authority air quality management 
nd has indicated that personal exposure measurements 
hould be considered when assessing air quality (Air 
'uality Management, October 1997). A similar study 
sing personal monitoring for determining exposure to 
SP and ETS has been published by Jenkins et al. [7] 
volving measurements of exposure for approximately 
00 non-smoking subjects in each of 16 US cities. 


m 
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iin-Smukers‘ Environmental Tobacco 
Hoke Exposure in Sydney 


At the time of this study in Sydney, articles appeared in 
the Australian press highlighting local air quality issues. 
The Sydney Morning Herald of May 27, 1996 had the 
front page headline ‘Australia's deadly air pollution: un¬ 
safe at any level' and reference was made to low levels of 
PM ui having serious health implications. The following 
day the Sydney Morning Herald continued with the air 
quality theme with the headline ‘Sydney choking on its 
10-cigarettes-a-day air'. This comment was attributed to 
researchers from the University of Technology in Sydnev 
claiming that Australian fuels contained higher levels of 
some carcinogens than were permissible in most other 
countries. These researchers were quoted as saying ‘Syd¬ 
ney's air now contains such high levels of potentially can¬ 
cerous pollutants that just breathing it poses a similar risk 
to smoking more than 10 cigarettes a day*. In this studv 
approximations will be made of potential inhaled quami- 
ties of environmental tobacco smoke, based on cigarette 
equivalents. These will be deriv ed from measurements of 
some components of the vapour and paniculate phases of 
environmental tobacco smoke collected using personal 
monitors. 

The sample collection equipment and analytical proce¬ 
dures used in this study have been reported previously [ I ] 
and oiher recent studies have used similar techniques [7- 
10]. As in previous studies, volunteers reported activities 
and observations about air quality using diaries and ques¬ 
tionnaires and saliva samples were taken for cotinine 
analysis to confirm each subject's non-smoking status. 
Some investigators attempt to assess ETS exposure using 
information either from questionnaires or cotinine mea¬ 
surements alone. The data obtained in this study will 
allow these tw'o approaches to be compared with actual 
ETS exposure measurements. 


Methods 

Recruitment of Subjects 

Recruitment was performed by AGB McNair, a large market 
research bureau located in Sydney, from files created using proce¬ 
dures based on the Mosaic geodemographic classification system (1 j. 
The intention was to fdt each of the eight cells listed in table 1 with a 
group of non-smokers who were representative of the population 
within tne recruitment area. i.e. within 15 km from thecentrcof Svil 
ney. 

Subjects were contacted using randomly selected telephone num¬ 
bers and were screened at this stage lo confirm their eligibility to 
participate in the study. Suitable volunteers were given an appoint¬ 
ment to attend an inlormation/training session (‘the first visit") 
which included a video demonstration of how to use the sampling 
equipment. 
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! , Cell categorisation by home 
ace status (Sydney) 


Cell 

Study group 

Smoking status 

household 

workplace 

Planned 

number 

A 

Home pump group 

Smoking 


40 

B 

Home pump group 

Non-smoking 


40 

C 

Work pump group 


Smoking 

40 

D 

Work pump group 


Non-smoking 

40 

E 

Elsewhere pump group 

Smoking 


40 

F 

Elsewhere pump group 

Non-smoking 


40 

C 

24-Hour pump group 

Smoking 


40 

H 

24-Haur pump group 

Non-smoking 


40 


|drdcr to assign subjects into each of the cells, a household was 
ed as 'smoking' if a smoker of cigarettes, pipes or cigars was 
and also normally smoked within communal areas of the 
fhnld. The smoking status of a workplace was defined by the 
cc/prescnce of smoking co-workers based within 30 m of the 
Cl’s workstation. 

Monitoring Session 

■ t.Jch subject was required to wear a personal monitor, designed 
tolicct air close to the breathing zone [11 j. whilst performing nor- 
it daily activities. RSP and ETS panicles were collected onto a 
aoropore membrane filter, and vapour phase nicotine and 3-elhc- 
<pyridine (3-EP) were adsorbed onto X.AD-4 resin beads. The sam- 
lldg flow rates of each personal monitor were set prior to issue and 
checked upon return. Data were excluded if these rc-chcckcd (low 
mrs varied by more than 10%. 

The personal monitoring procedure was similar to that described 
iciiousty by these authors [1] and consisted of the following: 

First Visit to the Study Centre. Subjects were issued w ith a single 
personal monitor for use during the collection period, together with a 
d tty and a questionnaire for recording observations related to air 
duality throughout the monitoring period. Full instructions regarding 
use or the monitoring equipment and completion of the study diary 
•rid questionnaire were provided by means of a video presentation. 
Locally recruited staff provided additional clarification where neces¬ 
sary. All subjects completed a'first visit' questionnaire and provided 
a saliva sample prior to the monitoring period (pre-sample). 

Subjects were instructed to wear and operate the personal moni¬ 
tor according to the following procotols: Home pump group. Subjects 
recruited into cells A and B wore their monitors at all times whilst in 
their homes during a 34-hour period. They were requested to place 
the monitor nearby in a vertical position when sleeping or bathing. 
When leav ing the home, subjects turned the monitor pump off and 
left the monitor at home. Work pump group. Subjects recruited into 
cells C and D wore their monitors at all times when at work during a 
24-hour period. When not at work, the subjects turned the monitor 
pumpoff. Elsewherepttmpgroup. Subjects recruited into cells Eand 
F wore their monitors at all times during a 72-hour period, except 
when they were at work or at home, where they spent most of their 
lime. The extended study lime was selected in order to sample larger 
air volumes and therefore increase the amounts ok analytes collected 
prior to analysis. 24-Hour pump group Subjects recruited intocellsG 


and H wore their monitors at all times during a 24-hour period. 
Again, subjects continued to operate the monitors whilst sleeping or 
bathing but were requested to place the monitor nearby in a vertical 
position. 

Lost I isit it> the Study Centre Following completion of the moni¬ 
toring period, subjects were required lo return their personal moni¬ 
tors and associated documentation to the study centre. Subjects then 
prov ided a second sain a sample (post-sample) and completed a "last 
visit" questionnaire. 

Subject Selection 

Of the 331 subjects that were initially recruited for the study. 3 
were excluded because they failed to use the equipment correcilv. A 
further I was excluded due to the absence of saliva cotinine data 
required to confirm non-smoking status. Two subjects were excluded 
after they admitted to being smokers during their final visit to the 
study centre and a further 6 were excluded because their saliva cotin- 
ine levels were above the 25 ng-mT 1 threshold used by the authors to 
differentiate non-smokers from smokers [12]. 

The age and sex distributions of the remaining 319 subjects are 
presented in table 2. Five subjects with ages outside the specified 
ranges were included in the study. This was in order to obtain much 
needed data and it was considered that their inclusion would not 
affect the integrity of the study. Table 3 lists occupational categories 
for working subjects who participated in this study. 

Analytical Procedures 

In this study the following analytes were determined: (1) RSP * 
using a gravimetric procedure [13]: (2) nicotine and 3-EP - us¬ 
ing a capillary gas chromatographic procedure [14]; (3) FTS par¬ 
ticles (3 methods! - using high-performance liquid chromatogra¬ 
phy (HPLCl procedures to determine the ultraviolet absorbance 
(UVPM). fluorescence (FPM) or solanesol content (for calculation of 
SolPM) of mothanolic filter extracts [13]. The factors used in this 
study to convert instrument responses into an equivalent concentra¬ 
tion of ETS panicles were 43 (SolPM), 45 (FPM) and 8.2 (UVPM) 
[15j. and (4) saliva cotinine - using a radioimmunoassay procedure 
116]. 

The analytical procedures were identical to those fully described 
by the authors in a prev ious study [1], The limits of quantification 
(LOQs) for the analytes are presented in table 4. together with esti¬ 
mates for the air concentrations corresponding to these LOQs. In 
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Table2. Age and sex distribution Tor 
study subjects (Sydney) 


Cell 

Sex 


Age range 




Overall 


males 

females 

<20 

20-34 

35-49 

50-64 

>64 

“ total 

A 

7 

23 


12 

6 

11 

1 

30 

B 

15 

33 * 


M 

21 

16 


48 

c 

13 

7 

1 

8 

8 

3 


20 

D 

38 

ii 


n- 

VI 

11 


60 

E 

13 

14 


■ 9 

13 

5 


27 

F 

19 

35 


18 

VI 

14 


54 

G 

16 

12 

1 

. 12 

6 

9 


28 

H 

23 

29 


IS 

21 

11. 

2 

52 

Overall 









lOial 

144 

I7S 

2 

115 

119 

80 

3 

319 


Table 3. Occupations of"recruited 
subjee i s (Sydn ey) 


Occupational category 


Number of subjects by study group 



home 

work 

elsewhere 

24-hour 

overall 

Admin istrative/sccrelarial 

? 

16 

12 

9 

44 

Building/conslruction 

0 

*> 

■> 

2 

6 

Education 

2 

6 

9 

8 

25 

Engineering 

0 

10 

5 

3 

IS 

Government agency (civil service) 

0 

5 

6 

4 

15 

Legal/financial (e g. soliciror, banker) 

*» 

13 

3 

4 

n 

Hoiel/restaurant/leisure industry 

0 

3 

3 

3 

9 

Medical (c.g. doctor, nurse) 

2 

2 

3 

1 

9 

Wholesale/retail (e.g. shop assistant) 

3 

i 

2 

3 

9 

Scicnce/com puling 

3 

10 

12 

5 

30 

Supply industry 

0 

1 

0 

i 

*> 

Transponat ion/haulage 

0 

0 

0 

0 

0 

Other . 

2"> 

11 

13 

24 

70 

No response' „ 

37 

.0 

n 

12 

60 

Total number of responses 

41 

80 

70 

68 

259 


Subjects did not tick any of the 13 possible categories. 


gotder to calculate summary statistics, any data below, the analytical 
EsjlOQ were assigned a value ol one hall the LOQ prior to the calcula¬ 
tion ofair concentrations. Details of the proportion ofdata belowthe 
EtOQ for each analyte are also included in table 4. The analyte LOQs 
ntaned according to the sampling time and pump flow rate and were, 
■jhcrelbrc. different lor each sample. LOQs presented in table 4 are 
Hkascd on mean sampling times and nominal flow rates for theappro- 
Hetate cells. 


Results 

A summary of the analytical results is shown in 
tables 5-7. In this publication, as with other recent publi¬ 
cations by these authors, median values have been used 
primarily for reporting exposures since the data generated 
for each analyte were not normally distributed. Arithme¬ 
tic and geometric means for each data set ha'c also been 
reported, together with 10th and 90th percentile (lower 
and upper decile) values as an indication of the range. 
Data that were close to (less than double), or below the 


W-Smokcrs* Environmental Tobacco 
loke Exposure in Sydney 


IndkXir Built Environ I998;7:l88-20.t 


PM3006558470 


Source: https://www.industrydocuments.ucsf.edu/docs/fnwj0001 


Table 4. LOQ and sampling limes (Sydney) 


Measurement 

Analytical LOQ 

LOQ expressed as an air concentration 
according to the mean sampling time 
for each study group, pg*m" 3 

home work elsewhere 24-hour 

Proportion (%) 
of data below 
the LOQ 

RSP 

22.2 pgffiltcr 

10 

28 

22 

90 

23 

UVPM 

1.23 pg/filter 

0.57 

1.6 

1.2 

0.50 

10 

FPM 

0.29 pg/fi!ter 

0 13 

0.36 

0.29 

0.12 

9 

SolPM 

0.65 pg/filter 

0.30 

0.82 

0.65 

0.26 

71 

Nicot ine 

0.10 pg/tubc 

0.10 

0.27 

0 22 

0.09 

66 

3-EP 

0.10 pgAube 

0.10 

0.27 

0.22 

0.09 

73 

Saliva cotinine 

1.0 ng-ml _l 

- 

- 

- 

- 

79 

Mean sampling time, h 

20.8 

7.7 

9.6 

240 

_ 

Standard deviation of sampling times, h 

2.9 

1.3 

5-1 

0.9 

- 


A flow rate of 1.72 I-min - ' through the Fluoropore filler was assumed in the LOQ calculation for RSP. liVPM. 
PPM and SolPM.The LOQ calculation for nicotine and 3-EP assumed a flow rate of 0.8 I'min- 1 through thcXAD-4 
tube. 


Table 5. Summary statistics for RSP and SolPM concentrations for all subjects (Sydney) 


Analyte 

Cell 

Number of 
subjects 

tOth 

percent jlc 

90th 

percentile 

Arithmetic 

mean 

Geometric 

mean 

Median 

RSP 

A(SH) 

30 

15 

70 

37 

30 

30 

pg-irr ? 

B (NSH | 

43 

17 

41 

31 

26 

24 


C(SW) 

20 

13 

[51] 

34 

29 

[34] 


D (NSW) 

57 

12 

[41] 

32 

21 

(l6| 


E(SH) 1 

25 

26 

120 

72 

54 

[48] 


F(NSH)' 

50 

13 

73 

46 

34 

[34] 


G(SHF 

27 

7.3 

44 

26 

19 

21 


H (NSH)-’ 

50 

4.5 

50 

25 

19 

21 

SolPM 

A (SH) 

30 

0 15 

25 

8 9 

1.3 

0.92 


B(NSH) 

44 

0.13 

[0.30] 

0.23 

0.18 

(0.15) 


C(SW) 

20 

0.37 

24 

9.5 

T ■» 

1.5 


D(NSW) 

57 

0.35 

(0.52) 

0.46 

0.44 

(0.41) 


EfSH) 1 

26 

0.33 

36 

10 

1.9 

(0.96) 


F(NSH) 1 

52 

0.21 

4.3 

-i -i 

0.59 

(0.43) 


C (SHi : 

28 

0.13 

19 

6.7 

2.4 

3.7 


FI (NSH)- 

51 

0.13 

[0.43] 

0 54 

0.18 

(0.13) 

SH: 

Smoking household: N’SH: non-smoking household 

SW: smoking 

workplace; 

NSW; non-smoking work- 


place. 

Values in parentheses: MediarV90th percentile statist ics correspond to data below the LOQ. 

Values in brackets: Median/90th percentile statist ics correspond to data less than double the LOQ. 
1 Elsewhere pump group, no monitoring at home or at work. 

- 24-Hour pump group, all locations monitored. 
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Table 6. Summary statistics lor UVPM and PPM concent rations for all subjects (Sydney) 


Analyte 

Cell 

Number of 
subjects 

10th 

percentile 

90th 

percentile 

Ariihmciic 

mean 

Geometric 

mean 

Median 

UVPM 

A (SH) 

30 

1.4 

18 

u 

5.3 

5.0 

PB-m 0 

B(NSH) . 

44 

II 

7.6 

5.0 

3.6 

4 2 


C(SW) 

19 

1.8 

36 

14 

6.5 

5.9 


D(NSW) 

57 

0.72 

5.3 

2.6 

1.9 

13-0) 


E (SH) 1 

26 

1.9 

53 

16 

7.7 

6.4 


F(N’SH) 1 

51 

1.6 

10 

6.7 

4.5 

4.2 


G (SHF 

28 

1.2 

23 

8.8 

5.6 

7.9 


H(NSH)- 

51 

1.1 

8.6 

4. t 

2.9 

2.9 

FPM 

A (SH) 

30 

0.99 

14 

8.5 

4.2 

4.4 

PS- ni ‘' 

B(NSH) 

44 

0.71 

7.9 

4.8 

3.0 

4.1 


C(SW) 

20 

0.21 

17 

5.7 

2.1 

2.1 


D(NSW) 

57 

U 17 

1.3 

0.66 

0.46 

[0481 


E (SH) 1 

26 

0.77 

40 

12 

4.5 

3.7 


F(NSH)’ 

52 

(1.96 

9.9 

5.0 

3.1 

3.2 


G <SH)- 

28 

0.57 

14 

6.4 

3.6 

5.4 


H(NSH)- 

St 

0.53 

8.1 

3.3 

1.8 

1.6 


SH: Smoking-household. S'SH: non-smoking household: SVv: smoking workplace: NSW; non-smoking work¬ 
place. ' 

Values in parentheses: Median/90ih percentile statistics correspond to data below the LOQ 
Values in brackets: Mcdian/dOih percentile statistics correspond to data less than double the LOQ. 

1 Elsewhere pump group, no monitoring at home or at work. 

- 24-Hour pump group, all locations monitored. 


LOQ are also highlighted in these tables. For ETS parti¬ 
cles (SolPM). nicotine. 3-EP and cotinine. the majority of 
the data were below or less than double the LOQ. Similar¬ 
ly for RSP (table 5) the median concentrations for Work 
and Elsewhere groups were close to or below the LOQ. 
This is primarily as a result of shorter sampling times for 
these groups (table 4). In the Home for instance the longer 
sampling time resulted in median values approximately 
three times the LOQ. 

Throughout this publication, ETS particle concentra¬ 
tions. corresponding exposure calculations, and compari¬ 
sons between cells and subject groups have been based 
j primarily upon SolPM measurements. This estimate of 
f ETS particles is generally considered to be the most accu- 
| rate. However, as indicated previously [2. 3j. calculations 
( based on FPM estimates are reported alongside those of 
( SolPM for comparison. 

| The significance of any concentration differences be- 
| tween cells was examined using the Wjlcoxon rank-sum 
j test. Prior to the application of this non-parametric 
j test. Kruskal-Wallis non-parametric analysis of variance 


5. Non-Smokers' Em iranmema! Tobacco 
? Smoke Exposure in Svdncv 



(AN'OVA) was applied to the data in order to detect if 
there was an overall difference between the cells. If the 
overall Kruskal-Wallis analysis proved non-significant 
(p > 0.05). any significances detected using the Wilcoxon 
rank-sum test were considered to be false positives. For all 
the analytes investigated, the Kruskal-Wallis AN'OVA 
provided evidence of a significant oxerall difference be¬ 
tween cells and subsequent pairwise comparisons of cells 
were performed using the Wilcoxon rank-sum test. The 
comparisons for RSP. SolPM and nicotine are shown in 
table 8. Statistical assessments for differences between 
cells may give rise to false results due to the different LOQ 
for some cells and the high proportion of data below the 
LOQ [5]. The most reliable comparisons are "boxed - in 
table 8 and it is considered appropriate to treat llie 
remaining comparisons with caution. 

The correlation and best (it line coefficients between 
various analytes used to assess ETS levels in this study arc 
listed in table9. following removal of data pairs wheri 
either analyte is below the LOQ. The cumulative frequency 
cy distributions for all the ETS marker concentration* 
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Table 7. Summary statistics for cotininc. nicotine and 3-EP concentrations for all subjects (Sydney) 


Analyte 

Cell 

Number of 
subjects 

10th 

percentile 

90th 

percentile 

Arithmetic 

mean 

Geometric 

mean 

Median 

Nicotine 

A (SH) 

30 

0.05 

1.6 

0.67 

0.30 

0.30 


B(NSH) 

46 

0.04 

[0.10] 

0.06 

0.05 

(0.05) 


C(5Wj 

20 

0.10 

2.9 

l.l 

0.42 

(0.22) 


D (NSW) 

57 

Oil 

<0.191 

0.15 

0.15 

(0.15) 


E (SH) 1 

25 

0.10 

6.1 

1.8 

0.47 

10-32] 


F (N'SHf 

53 

0.07 

0.94 

0.41 

0.22 

(0.16) 


G(SH)-’ 

27 

0.05 

1.4 

0.66 

0.33 

039 


H (NSH)- 

51 

0.04 

[0.16] 

0.14 

0.07 

(0.05) 

3-EP 

A (SH) 

30 

0.05 

0.92 

0 39 

0.21 

[0.21] 

Mg-tn-* 

B (NSH) 

46 

0.04 

fO.H] 

0.07 

0.06 

(0.05) 


C(SW) 

20 

0.10 

0.86 

0.41 

0.27 

(0.19) 


D(NSW) 

57 

0.10 

(0.19) 

0.15 

0.14 

(0.14) 


E(SH) 1 

25 

O.I2 

1.5 

0.51 

0.31 

(0.27) 


F(NSH) 1 

53 

008 

[0.50] 

0.24 

0.18 

(0 16) 


C(SH)’ 

27 

0.04 

0.88 

0.35 

0.18 

0.19 


H(NSH) : 

51 

0.04 

[0 07] 

0.08 

0.05 

(0.05) 

Cotininc-' 

A(SH) 

30 

0.50 

3.1 

1.3 

0.92 

(0.50) 

ng-mC 

B(NSH) 

48 

0.50 

(0.82) 

0.59 

0.55 

(0.50) 


C(SW) 

20 

0.50 

1.7 

4.7 

090 

(0.5(1) 


D (NSW) 

60 

0.50 

[1.3] 

0.79 

0.64 

(0.50) 


E (SH) 1 

27 

0.50 

2.9 

1.3 

0.98 

(0.93) 


F(NSH) 1 

54 

0.50 

(0.90) 

0.63 

0.57 

(0.501 


GtSHf 

27 

0.50 

2.3 

1.3 

0.99. 

(0.88) 


H(NSH)-’ 

52 

0-50 

(0.88) 

0.91 

0.61 

(0.50) 


SH: Smoking household. NSH: non-smoking household: SW; smoking workplace; NSW; non-smoking work¬ 
place. 

Values in parentheses: Median>90th percentile statistics correspond to data below the LOQ. 

Values in brackets: Median/90th percentile statistics correspond to data less than double the LOQ. 

1 Elsewhere pump group, no monitoring at home or at work. 

: 24-Hour pump group, all locations monitored. 

' Values calculated from the mean of pre- and post-monitoring saliva cot inine concentrations. 


Sydney are shown in figure l. The distribution of ETS 
particle concern rations by cell is shown in figure! for the 
Home and Work groups, and similarly in figure 3 for the 
Elsewhere and 24-Hour groups. Table 10 compares the 
median ETS particle contribution to RSP for smoking 
and non-smoking categories. 

Exposures to RSP. ETS Particles and Nicotine 

The term ‘exposure* is often used when defining maxi¬ 
mum allowable concentrations for hazardous compounds 
and is normally determined by fixed site monitoring over 
standard time periods. In the context of this personal 
monitoring study, where concentrations cannot be direct¬ 


ly related to a specific environment, the term exposure is 
used as a measure of'potential inhaled quantity' and was 
calculated as the product of the analyte concentration, the 
length of time subjected to such concentration and typical 
breathing rates. Where exposures have been quoted in 
terms of cigarette equivalents (CEs). these have been cal¬ 
culated in relation to the mainstream particle (tar) and 
nicotine yields of lypical Australian cigarettes. The val¬ 
ues, 11 mg particles and 1.0 mg nicotine, were calculated 
as the mean yields of the top six selling cigarette brand- 
types in Australia. 

In this publication, the concept of CEs (17) is used to 
assist in the assessment of ETS exposures. The factor used 
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Table 8. Significance of differences in RSP. SolPM and nicotine concentrations between cells based upon Krus- 
kal-Wallis ANOVA and subsequent Wilcoxon rank-sum lest (Sydney) 



Cell 

Home 



Work 


Elsewhere 

24-Hour 



A (SH) 

B(NSH) 

C(SW) 

D (NSW) 

E (SH) 

F(NSH) 

G(SH) 

H(NSH) 

RSP 

Home 










A (SH) 

- 

| NS 


NS 

.. 

*4 

NS 

NS 

* 

B(N'SH) 

Work 


— 


NS 

44 

»** 

* 

NS 

• 

C(SW) 




- 


** 

NS 

NS 

4 

D (NSW) 






»*» 

44* 

NS 

NS 

Elsewhere 










E (SH) 






- 

i * i 

*44 

**« 

F(NSH) 








44 

44* 

24-Hour 










G (SH) 








- [ 

NSJ 

H(NSH) 










SolPM 

Home 










A (SHI 

- 

1 *** 


NS 

NS 

NS 

N5 

NS 

*** 

B (N5H) 
Work 




4*4 

• •• 

• 4* 

*»* 

4*4 

*44 

C (SW) 




- 

r=n 

NS 

.. 

NS 

4*# 

D (NSW’) 





- 

*■ » 

NS 

«•. 

4** 

Elsewhere 










E (SHI 






- 

1 ” J 

NS 

4** 

F(N5H) 

24-Hour 








*4 

4** 

G (SH) 








- [ 


H (N : SH) 









- 

Nicotine 

Home 










A (SH) 


ra 

NS 

•* 

NS 

NS 

NS 

4 4 4 

B(N'SH) 


- 


■ ** 

*4* 

4*4 

4*4 

444 

NS 

Work 










C<SW) 




- 

L=_J 

NS 

VS 

NS 

4«* 

D (NSW) 
Elswhcre 





- 

4*4 

VS 

44 

4*4 

E (SHI 






- 

I- 1 

NS 

mm* 

F(NSH) 

24-Hour 








NS 

4k* 

G (SH) 








- [ 

3 

H<NSH) 
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Table 9. Correlation coefficients for 
ETS ‘markers' using dal a greater than the 
LOQ (Sydney) 


‘Y'data vs 

‘X’ data 

Data 

pairs 

R-squared 

Gradient 

Intercept 

FPM 

UVPM 

264 

0.905 

0.703 

0.15 

SolPM 

UVPM 

87 

0.907 

0.862 

-1.85 

SolPM 

FPM 

88 

0.864 

1.168 

-1.15 

3-£P 

Nicotine 

71 

0.680 

0.168 

0.34 

FPM 

Nicotine 

101 

0.268 

3.497 

5.79 

SolPM 

Nicotine 

73 

0.208 

3.675 

7.92 

LiVPM 

Nicotine 

too 

0.267 

4.747 

8.34 

SolPM 

3-EP 

62 

0.419 

26.38 

-2.15 

FPM 

3-EP 

82 

0.414 

20.64 

-0.09 

Post-coiininc 

Nicotine 1 

14 

0.001 

0.055 

2.54 

Post-colinine 

SolPM ■ 1 

13 

0.009 

0 011 

1.81 

Post-conn ine 

FPM' 

. 19 

0.000 

0.004 

2 1 2 

Post-colinine 

3-EP 1 

12 

0.328 

1.71-4 

0.99 


Concentrations used only trom the 24-Hour pump group (cells G and H). 


Table 10. Vledian contribution of ETS 
particles to RSP (Sydney) 


Group 

ETS in RSP. % 


smoking 

category 

non smoking 
category 

Home 

4.9 

0.67 

Work 

8.1 

2.9 

Elsewhere 

2.9 

1.2 

!4-Hour 

23 

0.75 


Smoking/non-smoking categories repre¬ 
sent living with or working with a smoker or 
i non-smoker, respectively. 

The proportion of ETS particles [SolPVU 
>n RSP was calculated for each individual 
uibjcct from their personal monitoring data 
. and the median values determined by cell. 


by Ogden [1 81 to refate exposures of non-smokers to that 
j)f smokers was not applied in this study as CEs were used 
lioldy to compare exposures between groups of non-smok- 
|fs The CE calculation is based on an amount of ETS 
Bin teles in direct comparison with mainstream smoke 
articles. No other equivalence is implied and the authors 
Kcognise that ETS and mainstream smoke differ consid- 
■ibly in chemical and physical composition. 


Estimated annual exposures to RSP. ETS panicles and 
nicoline. in terms of potential inhaled quantities and CEs. 
are summarised in table 11. A breathing rate of 0.85 
m’-h"’ was used in all calculations, this being an average 
of the breathing rates For‘awake' males (1.05 m- , *h' l )and 
females (0.65 m-’-h -1 } (19]. Annual exposure calculations 
for all cells assumed that subjects were exposed to the 
median/90th percentile concentrations as reported in ta¬ 
bles 5-7. at all times throughout the year. Subjects in cells 
A and B (Home group) were assumed to be exposed for 
20.8 h per day (mean sampling time found in this study) 
and for 365 days per year. Subjects in cells C and D were 
assumed to spend 35 h per week and 48 w eeks per year at 
work. This assumption was the same as that used pre¬ 
viously by these authors [I], In order to estimate annual 
exposures away from the home or workplace (Elsewhere 
group) subjects in cells E and F were assumed to be 
exposed for 3.2 h per day and for 365 days per year. 
Annual exposures for cells G and H (24-Hour group) were 
estimated by assuming the measured 24-hour concentra¬ 
tions were maintained for 365 days per year. In the cases 
where the median or 90th percentileconcentrations corre¬ 
sponded to values below the LOQ. exposure calculations 
in table i 1 have been reported as 'less than' the calculated 
value at the LOQ, in preference to using the value corre¬ 
sponding to one half the LOQ (as in tables 5-7). 
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Distribution] of environmental tobacco smoke particles by Cell, 
- Home w and “Work" groups {Sydney) 


Fig- 2. Distributions of environmental 
lobacco smoke panicles by cell. Home and 
Work groups (Sydney) 



0 5-1 1-2 2-5 5-10 1IU0 20-50 50-100 >100 

ET5 particles by SoIPM(pg II 1 ) 


See text for a full description of the Cells 


Discussion 

• The three methods for estimating ETS particles (i.e. 
UVPM. FPM and Soli'M) showed good correlations (R- > 
0.86. tabled) where the analytical measurements were 
above the LOQ. Figure 1 and tables 5 and 6 show the gen¬ 
eral trend of UVPM > FPM > SolPM. a ranking consis¬ 
tently found in most of our previous studies, due to non- 
tobacco-related interferences elevating the UVPM and 
FPM estimates. As in our previous studies nicotine and 
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3-EP showed only moderate correlation with ETS particle 
measurements. 

The distribution of ETS particle concentrations in 
smoking homes or workplaces (fig. 2) was far wider than 
that found in the equivalent non-smoking environments. 
In non-smoking homes and workplaces in this study more 
than 80% of subjects were exposed to <0.5 (ig-m" 1 ETS 
particles, close to or below the LOQ. Figure 3 shows lh*l 
subjects in the Elsewhere group who lived with smoker* 
were more exposed to ETS particles outside their home# 
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Distributions of environmental tobacco smoke particles by Cell, 
“Elsewhere’' and “24-boar” groups (Sydney) 



<05 0.5-1 1-2 2-5 5-1Q 10^0 20-50 $0-100 >1QQ 


ETS particles by SolPW (fig m' 3 ) 


Fig. 3. Distributions of environmental 

i tobacco smoke panicles by cell. Elsewhere 
and 14-Hour groups (Sydney). 


Sex text for a full description of the Celts 


compared to those who lived with non-smokers. This sug- 
jests that these subjects accompanied their smok ing fami¬ 
ly members when away from the home or that they spent 
more time in the presence of smokers during their leisure 
||tme. 

Nicotine concentrations assessed by personal monitor- 
ling did not correlate with saliva cotinine levels for the 
Objects in the 24-Hour group (R 2 = 0.001. table 9b This 
bmparison was not appropriate for the other groups 
cause they could have been exposed to nicotine at times 


when they were not wearing the personal monitor. This 
was consistent with previous studies and emphasises the 
need for caution when using cotinine measurements for 
estimating individual ETS exposure. It has also been 
observed that some humans are poor metabolisers of 
nicotine (20} or that there is a deficiency in the C-oxida- 
tion of nicotine [21 ], 

Median annual exposures (table 11) estimated for all 
cells investigated did not exceed 4 cigarette equivalents 
per year (CE-y- 1 ), In the 24-Hour group, estimated an- 


n-Smokcrs‘ Environmental Tobacco 
hoke Exposure in Sydney 
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Table 11 . Estimated annual exposures for all subjects to RSP. ETS particles and nicotine, according to location 
and cell (Sydney) 


Location Cell Potential inhaled quantity, mg/year Cigarette equivalents/year 

RSP SolPM 1 FPM 1 nicotine SolPM FPM nicotine 


.1 tedian exposure levels 


Home 

A (SH) 

193 

6.0 

28 

! .9 

0.54 

2.6 

1.9 


B (NSH) 

153 

<2.0 

26 

<0.60 

<0.18 

2.4 

<0.60 

Work 

C (SW) 

49 

2.2 

3-0 

<0.34 

0.20 

0.27 

<0.34 


D(NSW) 

<44 

<t.2 

0.68 

<0.42 

<0.11 

0.06 

<0.42 

Elsewhere 

E (SH) 

48 

<1.9 

3.7 

0.32 

<0.17 

0.33 

0.32 


F(NSH) 

34 

<0.85 

32 

<0.32 

<0.08 

0.29 

<0.32 

24-Hour 

C (SH) 

156 

27 

40 

2.9 

2.5 

3.7 

2.9 


H (NSH) 

159 

<1.9 

12 

<0.72 

<0.18 

1.1 

<0.72 

90th percentile exposure levels 








Hume 

A (SH) 

453 

161 

91 

10 

15 

8.3 

10 


B (NSH) 

263 

1.9 

51 

0.66 

0.18 

4.6 

0.66 

Work 

C(SW) 

73 

35 

24 

4.1 

3.2 

1 ■» 

4.1 


D (NSW) 

58 

<1.5 

1.9 

<0.55 

<0.14 

0.17 

<0.55 

Elsewhere 

E (SH) 

119 

35 

40 

6.0 

3-2 

3.6 

60 


F(NSH) 

72 

4-2 

9.8 

0.93 

0.39 

0.89 

0.93 

24-Hour 

G (SH) 

329 

144 

104 

11 

13 

9.4 

II 


H(NSH) 

376 

3.2 

61 

1.2 

0.29 

5.5 

1.2 


A breathing rate of 0.85 m-'-h' 1 was assumed for all subjects at all times. An nuat exposures in the various locations 
were calculated using the mcdian/90th percentile analyte concentrations as determined in the respective Home. 
Work. Elsewhere and 24-Hour cells. An exposure lime of 20 8 h per dav/365 days per year was assumed in the 
calculation ol potential inhaled quantity at home. Potential inhaled quantities at work assumed a 35-hour working 
week for 48 weeks per year. Elsewhere and 24-hour calculations assumed 365 days per year exposure with daily 
exposures of 3.2 and 24 h. respectively. Cigarette equivalents were calculated assuming typical Australian main¬ 
stream yields of 11 mg particles (tar) and 1 mg of nicotine per cigarette. 

SH: Smoking household: NSH: non-smoking household: SW: smoking w-orkplacc; NSW; non-smoking work¬ 
place. 

1 ETS particles. 


Table 12. The environment where sub¬ 
jects think they are exposed to the most 
tobacco smoke (Sydney) 


Environment 

Responses- % 

Restaurants/bars 

56 

Home 

13 

Work 

5.6 

Oihcr indoor locations 

5.6 

Outdoors 

12 

Travelling/dri x’ing 

3.4 

Nowhere/not exposed 

3.1 

Responses calculated 

as a percentage of 

total recruits, 5 subjects failed to answer this 
question correctly. 


nual exposure based upon median SolPM levels corre¬ 
sponded to 2.5 CE-y* 1 for subjects living in a smoking 
home and to. less than 0.2 CE-y* 1 for their counterparts 
from non-smoking homes. For the most exposed subjects 
in the 24-Hour group 90th percentile exposures corre¬ 
sponded to 13 and 0.29 CE-y* 1 respectively. Annual 
exposure in smoking workplaces was estimated to be less 
than in smoking homes. The most exposed subjects in 
smoking workplaces (table 11) would be exposed to be¬ 
tween 2.2 and 4.1 CE*y-> based upon 90th percentile 
SolPM and nicotine levels respectively, compared to be¬ 
tween 8.3 and 15 CE-y~' at home. 

Median concentrations of RSP (table 5) varied be¬ 
tween 16and 48 pg-m- J across the 8 cells and were simi¬ 
lar to those found by these authors across Europe where 
overall median RSP levels varied between 26 and 59 
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Table 13 . Subjective exposure rating to ETS during the study period by location (Sydney) 


Location 

Percent of total subjects rating their exposure as 


Weighted 

exposure 

rating 

none 

very low 

low 

tnedium 

high 

very high 

At home 

' 69 

13 

9 

5 

3 

i 

0.62 

Al work 

69 . 

12 

5 

3 

-» 

2 

0.51 

While travdling/d riving. 

64 

IS 

9 

4 

1 

0 

0.56 

While in restaurants/bars 

50 

12 

9 

12 

8 

5 

1.29 

While in other types of buildings 

50 

25 

15 

4 

1 

1 

0.77 

While outside 

38 

31 

16 

9 

3 

1 

1.09 

Subjective score 

0 

1 

a 

3 

4 

5 



The weighted exposure rating for each location was obtained bv summing the products of the subjective score and 
the n umber ofresponscs for each rating, and then dividing by the total number of responses. 


Table 14. Subjective exposure to ETS by cell of the local ions rated highest during thesiudy period (Sydney) 


Cell Location with highest Percent of total recruited subjects rating their exposure as 



rated exposure 

none 

very low 

low 

medium 

high 

very high 

A (SH) 

Home 

20 

30 

23 

17 

7 

3 

B (NSH) 

Outside 

44 

25 

15 


6 

0 

C(SW) 

Work 

20 

10 

30 

10 

10 

10 

D(NSW) 

Restaurants/bars 

52 

10 

5 

15 

15 

T 

E (SH) 

Home 

7 

26 

33 

22 

7 

4 

F (NSH) 

Restaurant s^bars 

41 

19 

9 

9 

7 

11 

C(SH) 

Home 

18 

32 

29 

14 

7 

0 

H(NSH) 

Outside 

33 

33 

19 

12 

2 

*'V 


SH: Smoking household: NSH: non-smoking household: SW: smoking workplace: NSW: non-smoking work¬ 
place. 

The weighted exposure rat ing was calculated for each cell and all possible locations from responses provided in the 
last visit quest ionnaire. The data above, by cell, show the individual ratings of exposure during the study period whilst 
in the location with the highest weighted exposure rating. 


pg-rn -5 . From table 5, RSP appears to be elevated in 
smoking locations compared to non-smoking locations, 
which is in agreement with Guerin el al. (22]. The highest 
RSP concentrations found during this study were for the 
Elsewhere group and may be indicative of subjects vis¬ 
iting bars or outdoor locations where RSP levels were 
higher than those found in the home. Annualised expo- 
turesto RSP (table 11) were estimated to be highest in the 
home due to the amount of lime spent in that environ¬ 
ment. 


Median ETS panicle contributions (table 10) to RSP 
were below J0% for the Home, Work and Elsewhere 
groups. However, in the smoking category of the 24-Hour 
group the median ETS panicle contribution to RSP was 
23%. The contribution of ETS particles to RSP levels 
were even lower for subjects in the 24-Hour group, who 
lived with non-smokers, than for those who were living 
with smokers. Of note is that, in the Elsewhere category, 
the ETS panicle contribution to RSP was more than twice 
as high for subjects from a smoking household compared 
to a non-smoking household. This interesting finding was 
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pDl apparent from our previous studies where separate 
icasurements of Home and Elsewhere exposures were 
31 made. The levels of RSP, ETS particles and nicotine 
Sydney were at the lower end of published data and 
clow the levels found in the majority of the other cities 
Siudied by these authors. 

Median saliva cotinine levels (table 7) were below the 
LOQ of l .0 ng-mh' for all 8 cells. Although the sensitivity 
»l the method was perfectly adequate for distinguishing 
Smokers from non-smokers, there is clearly a need for a 
Tnore sensitive method in order to study levels of cotinine 
tr non-smokers. Bemert et al. (23) have recently reported 
« method for the determination of cotinine in human 
scrum with a claimed limit of detection of 0.05 ng-mh 1 . 
This method uses mass Spectrometry for the specific and 
. sensitive detection of cotinine. an essential requirement 
at these low levels. Based upon their reported data this 
method would appear to have an LOQ of approximately 
0.2 ng-mh', which represents a significant improvement 
on published methods to date. 

Examination of the saliva cotinine data reported in 
table 7 shows that median levels for subjects living with 
smokers (often classified as exposed to ETS in epidemiol¬ 
ogy studies) were below the LOQ. However. 90th percen¬ 
tile cotinine concentrations showed that subjects iivingor 
working with smokers had elevated levels, indicating that 
cotinine may be a suitable marker for estimating ETS 
exposure at higher concentrations. These observations 
might hav e been apparent at median concentrations if a 
method with a lower LOQ had been available at the lime 
of the study. To date in Europe, median saliva cotinine 
levels determined in studies conducted by these authors 
for non-smokers living with smokers were typically J.5 
ng-ml- 1 , the highest median level being 2.9 ng-mh 1 [1). 

In this and our previous studies a threshold level of2S 
ng-mh 1 for cotinine in saliva was used to distinguish 
between smokers and true non-smokers. Other threshold 
levels, above which subjects would be classified as smok¬ 
ers. have been suggested and include 10 ng-mh 1 [24], 15 
ng-mh' [25], 20 ng-mh 1 [26], 30 ng-mh 1 [27], and 100 
ng-mh' [8]. Of the 331 subjects recruited for the study as 
non-smokers. 2 subsequently admitted to being smokers 
and 6 had saliva cotinine levels above the threshold for 
non-smokers. This represented between 1.8 and 2.4% of 
subjects misreponing their non-smoking status. Wagen- 
knechi et al. [28] reported a misclassification rate of 4.2% 
based on a cul-ofT level of 14 ng-mh 1 cotinine in serum, 
whilst defining non-smokers as subjects who reported 
smoking less than 5 cigarettes per week for the previous 
3 months. It is possible that some occasional smokers mav 
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not be detected with a threshold of25 ng-mh', and some 
smokers may not be delected at all using saliva cotinine 
measurements [20, 21], Any factors, including misrepori- 
ing by questionnaire, will have a direct influence upon the 
calculation of misclassification rates, which may have a 
significant impact on the investigation of ETS epidemiol¬ 
ogy. 

The majority of subjects (56%) considered restaurants^ 
bars, in general, to be the location where they were 
exposed to the most tobacco smoke (table 12). The home 
came second with 13% followed, surprisingly, by 'out¬ 
doors', with 1 2% of subjects selecting this location. When 
subjects were asked to rate their exposure to ETS in res¬ 
taurants/bare during the study period 62% rated their 
exposure as ‘none' or ‘very low'. However, 13% rated 
their exposure in these locations as 'high' or 'very high'. 
Excluding restaurants/bars, more than 69% of subjects 
claimed their exposure io ETS was ‘none' or ‘very low’ in 
all other locations. These subjective findings are in line 
with the analytical results where 71% ofSolPM values 
were below the LOQ. 

The majority of the data for ETS particle determina¬ 
tions presented here are below or less than double the 
LOQ. improvements in analytical methods mav resolve 
some of these issues, but in order to obtain more represen¬ 
tative data, longer sampling times should be considered. 
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